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Abstract 
Synthesis of pentafluorobenzenesulfonyl bromide from pentafluorobenzenethiol, bromine and hydrogen peroxide is presented. 
Reactions of pentafluorobenzenesulfonyl bromide with primary alkenes (1-hexene, 3-chloro-1-propene and 3-bromo-1-propene) 
in solvent-free conditions are described. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Recent research in the field of polyfluoroaromatic compound properties reveals a wide area of practical 
application. It is found that polyfluorinated compounds display valuable optic characteristics. The introduction of the 
fluorine atom into the organic molecule can contribute its biological activity. Thus, new fluorinated materials for 
electronics1,2 have been developed and remarkable achievements in biological and medicinal chemistry have been 
obtained3-5. In this connection methods for the synthesis of polyfluoroaromatic compounds are of great importance. 
The most reasonable way for the preparation of perfluoroarenes is based on the reaction of perchloroaromatic 
substrate with potassium fluoride6. Efficient and reliable routes of polyfluoroarene functionalization include 
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transformations of carbon-fluorine bond, such as aromatic nucleophilic substitution7 or synthesis of organometallic 
compounds7. 
Polyfluoroarenethiols can be easily synthesized from basic polyfluoroarenes9 and are widely used for the 
synthesis of metal complexes10-12 polyfluoroaromatic sulfides13,14 and sulfonyl chlorides15. In the present study we 
report synthesis and some transformations of pentafluorobenzenesulfonyl bromide16,17. 
Typical transformations of non-fluorinated arenesulfonyl bromides include either addition to alkenes, alkynes and 
dienes2,3 or substitution of bromine atom20 by nucleophile, such as amine or alcohol. Our attention is drawn to the 
addition reactions of pentafluorobenzenesulfonyl bromide to alkenes. 
 
2. Result and discussion 
The most common way for the synthesis of non-fluorinated arenesulfonyl bromides is oxidation of thiols by 
bromine in acetic acid21, but this route provided predominantly polyfluorodiaryl disulfides when it was applied to 
polyfluoroarenethiols22. We have shown that good yields of pentafluorobenzenesulfonyl bromide 2 are obtained in 
reactions of nitric acid17 or hydrogen peroxide with a mixture of bromine and pentafluorobenzenethiol 1, see Fig. 1. 
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Fig. 1. Pentafluorobenzenesulfonyl bromide 2 are obtained hydrogen peroxide with a mixture of bromine and pentafluorobenzenethiol 1. 
Compound 2, like its non-fluorinated analogs23, reacts with various alkenes with formation of the corresponding 
bromoalkyl polyfluoroaryl sulfones. We have found that sulfonyl bromide 2 readily reacts with primary alkenes, e.g. 
1-hexene 3 and 3-chloro-1-propene 4 in solvent-free conditions under MW heating resulting in the corresponding 
adducts 5 and 6 in high yields, see Fig. 2. The process is highly selective and formation of by-products is negligible 
in comparison with previously reported reaction of pentafluorobenzenesulfonyl chloride and styrene24. 
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Fig. 2. We have found that sulfonyl bromide 2 readily reacts with primary alkenes. 
At the same time, the reaction of sulfonyl bromide 2 with 3-bromo-1-propene 7 afforded a mixture25 of allyl 
pentafluorophenyl sulfone 8 instead of the desired adduct and 1,2,3-tribromopropane 9, see Fig. 3. 
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Fig. 3. The reaction of sulfonyl bromide 2 with 3-bromo-1-propene 7. 
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We have also examined the influence of various conditions (Table 1) on the reaction of sulfonyl bromide 2 with 
alkenes. We have found that the reaction can be carried out even at room temperature with the formation of the 
corresponding products in high yields. Compound 5 is obtained in 93% yield by addition of sulfonyl bromide 2 to 
alkene 3 in hexane solution under UV irradiation. Cuprous iodide accelerates the reaction, while 1,4-hydroquinone 
slows down the process. Addition of aluminium chloride to the mixture of compound 2 and alkene 4 was not 
effective and led to the decomposition of compound 2. Pentafluorobenzenesulfonyl chloride 10 demonstrated very 
low activity. 
Table 1. Reactions of sulfonyl halides 2 and 10 with alkenes. 
Entry Alkene Conditions T, °С Time Conversion 
1 3 daylight 20-25 24 days 99% 
2 3 CuI (10 mol. %), daylight 20-25 5 days 100% 
3 7 daylight 17-21 15 days 94% 
4 7 1,4-hydroquinone (25 mol. %), in the dark 20-25 17 days <10% 
5 7 UV-light  50-60 3 h 100% 
6 7* UV-light 50-60 6 h 24% 
*the reaction was performed with sulfonyl chloride 10. 
 
The results observed generally correspond to radical nature of the process rather than electrophilic one. It can be 
supposed that homolytic cleavage of sulfur-bromine bond generates pentafluorobenzenesulfonyl radical A26, which 
reacts with the alkene double bond with the formation of intermediate radical B and finally the adduct. It should be 
noted that no polymerization is observed at all the conditions employed. The lower activity of sulfonyl chloride 10 
might be explained by greater dissociation energy of the sulfur-halogen bond. In some cases when radical B has a 
good leaving group X (e.g. X = Br) adjacent to the radical center a cleavage of the C-X bond might occur to give 
allyl pentafluorophenyl sulfone 8. Bromine radical reacts with the excess of alkene to give compound 9, see Fig. 4. 
The similar process was earlier described for the reaction of SF5Br with 1,2-dibromoethylene
27. 
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Fig. 4. Bromine radical reacts with the excess of alkene to give compound 9. 
The formation of allyl phenyl sulfone was observed earlier in the reaction of benzenesulfonyl bromide with 
alkene 7 in the presence of indium28. Taking this into account, we have studied the reaction between sulfonyl 
bromide 2 and compound 7 in the presence of zinc dust. Best results were obtained when 1,4-dioxane was used as 
the solvent: tribromopropane 9 was not observed in the reaction products, isolated yield of sulfone 8 was 70%. At 
the same time, the use of zinc led to the formation of pentafluorobenzene 11, see Fig. 5. 
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Zinc likely works as a reducing agent, so that it favors the formation of polyfluoroarenesulfonyl radicals as 
an initiator. From the other side, zinc as a reducing agent converts a bromine radical into bromide ion and by this 
way prevents from formation of tribromopropane 9. 
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Fig. 5. The use of zinc led to the formation of pentafluorobenzene 11. 
The formation of pentafluorobenzene 11 might be explained by reduction of radical A to 
pentafluorobenzenesulfinyl anion and decomposition of the latter29 with the formation of pentafluorophenyl anion. 
The protonation of the latter by the traces of moisture affords compound 11, see Fig. 6. Alternative route based on 
fragmentation of pentafluorobenzenesulfonyl radical to pentafluorophenyl radical and sulfur dioxide seems unlikely 
since no such processes were observed even under UV irradiation. 
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Fig. 6. The protonation of the latter by the traces of moisture affords compound 11. 
3. Experimental 
3.1. Materials and methods 
Analytical measurements were performed in Chemical Service Center SB RAS. Molecular weights and 
molecular formulae were determined by means of HRMS at DFS instrument (EI, 70 eV). NMR spectra were 
recorded at «Bruker AV-300» instrument (300.1 MHz 1H, 282.4 MHz 19F) for solutions in CCl4 with 10% v/v 
CDCl3 or acetone-d6 with C6F6 (-162.9 ppm vs. CFCl3) and HMDS (0.04 ppm vs. TMS) as internal standards. 
13C 
NMR spectra were recorded at 100.61 MHz for solutions in CDCl3, the solvent was also used as an internal standard 
(δC = 77.16 ppm vs. TMS)30. The chemical shifts are reported vs. C6F6 and TMS. IR spectra were recorded at 
«Bruker Vector 22» for KBr pellets (solid samples) or thin films (liquid samples). Microwave synthesis was 
performed by means of monowave reactor «Monowave 300» (850W, 2455 MHz) or «CEM Discover» (300W, 2455 
MHz) apparatus. 
Pentafluorobenzenethiol 1 was obtained according to previously described procedure 9. Alkenes 3, 4 and 7 were 
commercially available products and were purified by distillation prior to use. All solvents employed were used 
without purification. 
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3.2. Experimental procedures 
Pentafluorobenzenesulfonyl bromide 2. Pentafluorobenzenethiol 1 (2.00 g, 10.00 mmol) was added dropwise to a 
magnetically stirred mixture of bromine (6.32 g, 39.50 mmol) and hydrogen peroxide (30%, 4.55 g, 40.15 mmol). 
The resulting mixture was heated on an oil bath (80oC) for 2 h. Then another portion of hydrogen peroxide (30%, 
4.38 g, 38.65 mmol) was added and the mixture was heated for 2 h, cooled and poured out into 25 mL of CH2Cl2. 
The organic layer was separated, washed with water (2×25 mL), 5% NaHCO3 solution (2×25 mL) and water (2×25 
mL) again. The organic layer was dried over CaCl2 and the solvent was removed on a rotary evaporator to give 
compound 2 (2.17 g, 6.98 mmol, 70% yield). The analytical characteristics of compound 2 correspond to literature 
dataОшибка! Закладка не определена.,Ошибка! Закладка не определена.. 
General synthetic procedure for the reaction of compound 2 with alkenes in a microwave reactor: 
Alkene was added to compound 2 placed in reaction vessel. The vessel was degassed, filled with argon, sealed 
and heated to the indicated temperature. After the reaction was complete, the reaction mixture was dissolved in 
CH2Cl2 (ca. 10 mL), analyzed by means of 
1H and 19F NMR spectroscopy. The solvent was removed and the 
product was purified by recrystallization from EtOH or by sublimation in vacuum. 
2-Bromo-1-pentafluorobenzenesulfonylhexane 5. A mixture of sulfonyl bromide 2 (0.51 g, 1.61 mmol) and 
1-hexene 3 (0.27 g, 3.50mmol) was heated in microwave reactor “Monowave 300” for 1 h at 100°C to give 
compound 5 (0.62 g, 1.56 mmol, 97% yield). Sublimation in vacuum gave colorless needles of purified product 
(0.51 g, 1.29 mmol, 81%). mp 64-65°C. IR (KBr): ν 2968, 2938, 2910, 2868, 1645, 1522, 1499, 1398, 1385, 1356, 
1333, 1302, 1155, 1099, 991, 935, 878, 845, 779, 756, 644, 552, 532, 505, 482 cm-1. 1H NMR (CDCl3): G  0.80 t 
(3H, CH3, J = 7), 1.10-1.50 m (4H, 
5CH2
4CH2), 1.80 d.t.d (1H, 
3CH2, J = 15, J = 9, J = 5), 1.91 d.d.d.d (1H, 
3CH2, J 
= 15, J = 10, J = 6, J = 4), 3.73 d.d (1H, CH2SO2, J = 15, J = 5), 3.85 d.d (1H, CH2SO2, J = 15, J = 8), 4.34 d.d.d.d 
(1H, CHBr, J = 9, J = 8, J = 5, J = 4). 13C NMR (CDCl3): G 13.6 (CH3), 21.6 (5CH2), 28.8 (4CH2), 38.1 (3CH2), 44.6 
(CHBr), 64.9 (CH2SO2), 115.4 (
1СAr), 138.2, 144.9, 145.4. 19F NMR: G 3.5 m (2F3,5), 17.4 t.t (1F4, JF4-F3,5 = 20, 
JF
4-F
2,6 = 7), 25.9 m (2F2,6). Calcd for C12H12BrF5O2S: 393.9656, found 393.9666.  
2-Bromo-3-chloro-1-pentafluorobenzenelsulfonylpropane 6. A mixture of sulfonyl bromide 2 (1.00 g, 3.21 
mmol) and allyl chloride 4 (1.00 g, 13.10mmol) was heated in microwave reactor “CEM Discover” for 1 h at 100°C 
to give compound 6 (1.24 g, 3.20 mmol, 99% yield). Sublimation in vacuum gave purified product (0.90 g, 
2.32 mmol, 72% yield). Colorless liq. IR (KBr): ν 3073, 2980, 2930, 1495, 1431, 1404, 1381, 1352, 1340, 1323, 
1267, 1252, 1182, 1150, 1134, 932, 887, 870, 847, 773, 745, 714, 555, 538, 474 cm-1. 1H NMR (CDCl3): G 3.82 d.d 
(1H, CH2, J = 12, J = 8), 3.85 d.d (1H, CH2, J = 16, J = 8), 4.02 d.d (1H, J = 12, J = 4), 4.11 d.d (1H, CH2, J = 16, 
J = 4), 4.60 m. (1H, -CHBr-). 13C NMR (CDCl3): G 40.9 (CHBr), 47.3 (CH2Cl), 61.9 (CH2SO2), 115.3 (1С), 138.2 
(С3,5), 145.6 (С2,4,6). 19F NMR: G 3.9 m (2F3,5), 19.1 t.t (1F4, J = 21, J = 8), 26.5 m (2F2,6). Calcd for C9H5BrClF5O2S: 
385.8790, found 385.8787.  
Allyl pentafluorophenyl sulfone 8. A mixture of of sulfonyl bromide 2 (0.51 g, 1.61 mmol) and allyl 
bromide 7 (0.38 g, 3.20mmol) was heated in microwave reactor “Monowave 300” for 2 h at 150°C to give a mixture 
(0.61 g) of sulfone 8 and 1,2,3-tribromopropane 9. Tribromopropane 9 was removed by washing with hexane 
(3 × 10 mL) and the crude product was purified by vacuum sublimation to give compound 8 (0.31 g, 1.14 mmol, 
69% yiled). Colorless needles, mp 67-68°C. IR (KBr): ν 2978, 2920, 1643, 1519, 1503, 1383, 1356, 1294, 1243, 
1158, 1095, 996, 952, 883, 781, 727, 657, 547 cm-1. 1H NMR (CDCl3): 3.96 d (2H, CH2, J = 7.4), 5.29 d.d (1H, 
J = 17, J ≈ 1), 5.41 d.d (1H, J = 10.1, J ≈ 1), 5.89 m (1H, H). 19F NMR: G 2.9 m (2F3,5), 17.2 t.t (1F4, J = 21, J = 7), 
26.6 m (2F2,6). Found, %: C 40.03; H 1.80; F 34.74; S 11.86. m/z 271.9911 [M]+. C9H5O2F5S. Calculated, %: 
C 39.71; H 1.85; F 34.90; S 11.78. M 271.9925. 
The reaction of compound 2 with alkene 7 in the presence of zinc dust. Compound 2 (1.47 g, 4.72 mmol) and 
allyl bromide 7 (0.64 g, 5.29 mmol) were dissolved in 10 mL of 1,4-dioxane and zinc dust (0.33 g, 5.05 mmol) was 
added. The reaction mixture was stirred for 3 h at room temperature and then cooled mixture (4oC) of water (25 mL) 
and conc. H2SO4 (1 mL) was added. The white residue formed was filtered off, dried in air to give sulfone 8 (0.90 g, 
3.31 mmol, 70% yield) identical with authentic sample. The 19F NMR analysis of the reaction mixture indicated the 
formation of pentafluorobenzene 1131. 
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4. Conclusions 
1. Pentafluorobenzenesulfonyl bromide can be obtained by reaction of pentafluorobenzenethiol with bromine in 
the presence of the oxidant, such as hydrogen peroxide. 
2. Pentafluorobenzenesulfonyl bromide reacts with alkenes either on microwave heating, UV irradiation or at 
room temperature to give the corresponding adducts. 
3. Reaction of pentafluorobenzenesulfonyl bromide with 3-bromo-1-propene affords allyl pentafluorophenyl 
sulfone and 1,2,3-tribromopropane. In the presence of zinc formation of tribromopropane can be suppressed. 
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